INTRODUCTION
Green (Chelonia mydas) and Kemp's ridley (Lepidochelys kempii) sea turtles are listed as 'threatened' and 'endangered,' respectively, under the US Endangered Species Act (16 U.S.C § 1531 et seq.); thus, investigations of mortalities are important for species management. Both species are found in Texas coastal waters. The most common harmful algal blooms in the Gulf of Mexico are of the marine dinoflagellate Karenia brevis (previously Gymnodinium breve and Ptychodiscus brevis) and can cause red tides in Texas coastal waters (Snider 1987) . K. brevis produces a suite of neurotoxins called brevetoxins (PbTx), which can be harmful or fatal to aquatic animals (Landsberg et al. 2009 ). Red tides, which were documented as early as 1935 (Snider 1987) , have caused large fish kills in coastal Texas waters. More recently, multiple classes of harmful algal toxins, including PbTx, were detected in bottlenose dolphins Tursiops truncatus that stranded in Texas in 2008 (Fire et al. 2011) . K. brevis blooms have been associated with increases in sea turtle strandings in Florida (Fauquier et al. 2013, A. Foley pers. comm (Fauquier et al. 2013) .
MATERIALS AND METHODS

Detection of stranded sea turtles and
Karenia brevis blooms Sea turtles found stranded (dead or alive, washed ashore or floating) or incidentally captured (i.e. entrapped in intake canals of power plants or captured during fishing or sampling activities) in Texas were collected by participants in the Sea Turtle Stranding and Salvage Network (STSSN; Teas 1993) . Turtles were located in response to information provided by the public or personnel from other organizations or during systematic surveys conducted by STSSN participants. Sea turtles were categorized as 'offshore' (recovered from beaches or waters of the Gulf of Mexico) or 'inshore' (from beaches or waters of passes and bays) (Fig. 1) . Each turtle was documented on a standardized STSSN form that included identification of species, notation of any external abnormalities, and measurements including straight carapace length (SCL: nuchal notch to posterior tip). Live turtles were transported to regional rehabilitation facilities for evaluation and treatment. Carcasses were collected and held at −4°C prior to necropsy. In all, 5 green (4 in 2015 and 1 in 2016) and 11 Kemp's ridley sea turtles (2016) were sampled for PbTx analysis (Table 1) 
Sample collection and laboratory analysis
Carcasses were thawed and necropsied using procedures outlined by Work (2000) , including sex determination by visual examination of gonads. Samples of ca. 100 g were collected in sample bags, held at −4°C, and shipped on dry ice for PbTx analysis to the National Centers for Coastal Ocean Science, National Ocean Service, NOAA (NCCOS; Charles ton, SC) for samples collected in 2015 and to the Florida Fish and Wildlife Conservation Commission, Fish and Wildlife Research Institute (FWRI; St. Petersburg, FL) for samples collected in 2016. Different laboratories were used to more rapidly complete analyses during these mortality investigations. Ur gency was deemed necessary to determine if mitigation could prevent additional deaths.
For samples analyzed at FWRI, subsamples (2 g) were extracted for PbTx using 80% methanol as described by Flewelling (2008) . Extracts were diluted (1:20) and analyzed using an indirect competitive enzyme-linked immunosorbent assay (ELISA; MAR-BIONC) for PbTx (Naar et al. 2002 ) with modifications described by Flewelling (2008) . For samples analyzed at NCCOS, subsamples (ca. 2 g) were homogenized and ex tracted 3 times in 3 volumes of acetone, filtered (0.45 µm, Pall Acrodisc GxF/GHP syringe filter), evaporated, resuspended in 80% aqueous methanol (6 ml), and twice solvent partitioned with hexane (3 ml), and then the methanolic fraction was collected, evaporated, and resuspended in 100% methanol (1−2 ml, 1:1 sample:solvent). Extracts were stored at −20°C until analysis. Extracted samples were diluted (1:20) and analyzed using a direct competitive ELISA for PbTx, following methods outlined by Maucher et al. (2007) . Both ELISAs utilize cross-reactivity of PbTx to anti-PbTx antibodies. Quantitation is determined via competition between PbTx in the sample and PbTx conjugated to a signal en zyme for binding to anti-PbTx antibodies and compared with a curve prepared from dihydrobrevetoxin-B (PbTx-3). The limit of detection was 2−10 ng PbTx-3 equivalents g −1 or ml −1 sample. Results are reported as PbTx ng g −1 for brevity. ELISA-positive samples were cleaned on C18 solid phase extraction (SPE) cartridges (500 mg Agilent Bond Elut sorbent in a 10 ml tube) and analyzed by liquid chromatography/mass spectrometry (LC/MS) for parent PbTx and their derivatives. Sample extracts equivalent to 0.5 g of tissue were loaded on pre-conditioned SPE cartridges in 25% methanol; sample tubes were then washed with 6 ml 25% methanol, and the wash solution of each sample was transferred to the SPE cartridge. PbTx were eluted with 8 ml methanol. The SPE eluates were dried and re-dissolved in methanol (1 g tissue equivalent in 1 ml of methanol) for analysis. Liquid chromatographic separations were performed on a Luna C8(2) column (150 × 2 mm, 5 µm; Phenomenex) using an Agilent Technologies Model 1100 LC system. Mobile phase consisted of water and acetonitrile with 0.1% formic acid additive using a gradient elution. The flow rate was 0.2 ml min −1 . The eluent from LC was analyzed by a Sciex 4000 QTRAP hybrid triple quadrupole/ linear ion trap mass spectrometer equipped with a TurboV TM interface. The analysis of PbTx congeners and metabolites by mass spectrometry was achieved by multiple reaction monitoring.
PbTx congeners monitored included brevetoxin-B(A), dihydrobrevetoxin-B(A), tetrahydrobreve toxin-B, hydrolysis products of brevetoxin-B(A) and dihydro brevetoxin-B(A), and cysteine conjugates of bre ve toxin-A(B) and their sulfoxides. Detection limits were 0.3, 1.7, and 1.2 ng ml −1 for dihydrobrevetoxin-B, S-desoxybrevetoxin-B2, and brevetoxin-B2, respectively, for toxin standards in methanol. Retention times of other toxin congeners were determined by injecting sample extracts containing these congeners as confirmed previously by enhanced product ion spectra. PbTx congeners were confirmed present by LC/MS in 21 of 31 ELISA-positive samples.
Univariate ANOVA was used to compare concentrations of PbTx in tissues (liver and kidney tissues) and digestive fluids (intestinal contents and stomach contents) between species. We excluded 1 sample of intestinal contents (green turtle; B1) that ex ceeded detection limits and 1 kidney tissue sample (Kemp's ridley; K1) that was below the threshold of detection (see Table 2 ). All analyses were performed using SPSS 14.0 for Windows (IBM SPSS Statistics).
Permitting and animal welfare
This study was carried out in strict accordance with the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. Work by National Park Service personnel was authorized under USFWS Permit TE840727-3, TPWD Scientific 
RESULTS
All 16 turtles sampled in this study were found dead or died within 2 d of being located. Three of the green sea turtles were found alive during the 2015 red tide event and exhibited signs similar to those seen in other sea turtles exposed to PbTx from red tide exposure (e.g. neurologic signs, lethargy, muscle weakness; Fauquier et al. 2013 ). All were lethargic when located and died within 2 d. Two Kemp's ridley turtles found alive during the 2016 event exhibited signs of PbTx exposure. One large (58.5 cm SCL) female Kemp's ridley was discovered on 15 September 2016 on Padre Island National Seashore Gulf Beach with convulsions of the head and neck and died soon after discovery. Another adult female Kemp's ridley, which was found live on South Padre Island Gulf Beach on 16 September 2016 and was not sampled, was lethargic, floating, and exhibited similar convulsions. This turtle was successfully rehabilitated by Sea Turtle, Inc. and was released on 14 October 2016.
PbTx was detected in all sample types from all individuals with the exception of a kidney from 1 Kemp's ridley which was below the threshold of detection. Detected toxin concentration ranged from 2 ng g −1 to > 2000 PbTx-eq ng g −1 for samples collected from green turtles (Table 2) . Green turtles sampled (n = 5) were juveniles ranging from 29.0−39.1 cm SCL; 4 of the 5 were identified as male based on gonad morphology.
Concentrations ranged from below detection limits (<LD) to 1687 PbTx ng g −1 for samples collected from 11 Kemp's ridley turtles that stranded during the 2016 red tide (Table 2 ). Kemp's ridleys sampled (n = 11) were adults (≥60.0 cm SCL) or large sub-adults and ranged from 52.6−61.5 cm SCL with a sex ratio of 5F:4M. Post-mortem scavenging of 1 green turtle and scavenging and decomposition of 2 Kemp's ridleys prevented sex determination. Due to lack of information on the stability of PbTx in decomposing tissues and the fact that decomposition and scavenging could have caused cross contamination of PbTx, concentrations should be considered qualitative.
Green turtles sampled had significantly lower PbTx in kidney (p = 0.009) and liver tissue (p = 0.011) than Kemp's ridleys (Table 2 ). There was no significant difference between species in stomach content PbTx (p = 0.268) and intestinal content PbTx (p = 0.397) ( Table 2) .
The majority of turtles necropsied had intact carcasses, and no significant injuries or illness were found. Due to good body condition in these turtles and the lack of apparent alternative causes of death, the cause of death was attributed to brevetoxicosis (Fauquier et al. 2013) . Results were inconclusive regarding the probable cause of death for 1 Kemp's ridley, due to fishing line entanglement, and 3 green turtles, due to scavenging, signs of water inhalation, and 1 which had excessive epibiota present, a possible indication of long-term illness, and an embedded hook in its left front flipper with signs of infection.
DISCUSSION
We document here the first mortality of sea turtles in Texas attributed to brevetoxicosis. It is unknown whether turtles died previously of brevetoxicosis and went undetected, or whether this is an emerging threat that has manifested as the green and Kemp's ridley turtle populations have increased in Texas (Shaver 1998 , 2017 . Previous red tide events in south Texas were not associated with notable increases in sea turtle strandings, nor were neurological signs noted in live turtles. The frequency of occurrence and severity of Gulf of Mexico Karenia brevis red tides may be increasing (Brand & Compton 2007 are sporadic and less frequent than those occurring in Florida (Thyng et al. 2013) . Green turtles had significantly lower tissue (kidney and liver) concentrations of PbTx than Kemp's ridleys. This was also documented in Florida green and Kemp's ridleys (A. Foley pers. comm.) . The cause of this difference is not known. Considerations include habitat or diet-dependent differences in toxin exposure. Juvenile green turtles are mostly herbivorous and inhabit primarily inshore waters, whereas adult and near-adult Kemp's ridleys are benthic carnivores that frequent nearshore Gulf waters (Shaver 1991) . Flewelling et al. (2005) found that turtle grass Thalassia testudinum, a common food choice for green turtles in coastal Texas (Howell et al. 2016) , accumulated and stored PbTx, resulting in manatee deaths after the bloom subsided. One green turtle was determined to have extremely elevated PbTx concentration (> 2000 ng ml −1 ) in its enteric contents. Though this turtle stranded dead on the Gulf beach, it was immediately adjacent to the Brazos Santiago Pass on the South Padre Island beach and may have been foraging inshore before it succumbed to brevetoxicosis; its stomach was full of sea grasses and algae, indicating recent active feeding. The role of red tide in the cause of death of the 3 green turtles with lower concentrations of PbTx was unclear. All 3 of these turtles had concurrent injuries, signs of chronic illness, or assessment was limited due to scavenging. The remaining 2 green turtles, including the one with the highest concentrations noted above, were intact, had no signs of injury or illness, and appeared otherwise healthy, indicating that the cause of death was most likely brevetoxicosis. It is also important to note that these PbTx concentrations are from single points in time and provide no information on accumulation and depuration of PbTx from tissues. In a recent study by Cocilova et al. (2017) , PbTx-3 was cleared within days from the tissues of freshwater turtles experimentally exposed to sublethal doses, while longer elimination times (several weeks) have been observed in naturally exposed sea turtles (Fauquier et al. 2013 ).
Kemp's ridleys sampled were found offshore, with 1 exception, and had higher concentrations of brevetoxins in tissues than green turtles. Concentrations for most were higher than seen in Kemp's ridleys found actively swimming and feeding during a K. brevis bloom in Florida (Perrault et al. 2014 (Perrault et al. , 2017 ; >1.00−33.8 ng ml −1 measured in blood plasma). Brevetoxicosis was determined to be the cause of death for 10 of these turtles due to detection of PbTx in tissues and digesta and the finding of no significant injuries or signs of illness during necropsy. The remaining turtle (DHT01) had fishing line entangled around its neck and esophageal injury, making the cause of death ambiguous. There may have been additional alternative undetected causes for mortality, such as forced submergence due to fisheries interactions, although no evidence of this was found. Since the deaths of multiple adult and near-adult Kemp's ridleys were linked to brevetoxicosis during this event, K. brevis blooms could impact recovery of this highly endangered species if severity and/or frequency of blooms increase in the future.
Based on our findings, we recommend enhanced searches for stranded sea turtles during future red tide events in south Texas to locate and document affected animals and provide broader sampling for toxin detection. This increased effort will better inform our understanding of red tides and their contribution to sea turtles mortality in the region. Moreover, timely intervention by stranding responders, and diagnosis and treatment of live individuals with brevetoxicosis is critical for successful recovery and release (Fauquier et al. 2013 ). Additionally, improvements in the current red tide monitoring system in Texas, including more sampling locations and standardized frequent sampling, would improve wildlife management responses as well as protect public health and recreation concerns associated with harmful algal blooms.
